With 12 million new cases a year worldwide, syphilis remains a global problem. According to the World Health Organization, >90% of cases occur in developing countries [1] . Rising incidence has been reported in many European countries since the mid-1990s [2] .
Similarly in the United States, a resurgence of syphilis has been noted after a nadir in 2000 [3] .
For laboratory diagnosis of syphilis and for monitoring treatment response, serological testing is the most important approach. In patients coinfected with human immunodeficiency virus (HIV), atypical serological courses have been reported. Although the clinically defined treatment response does not seem to be influenced by HIV coinfection, serologically defined treatment failure has been reported [4] . This might be a consequence of slower Venereal Disease Laboratory Research (VDRL) test seroreversion in HIV-infected individuals [5] . However, when reviewing previous studies in this field, no firm conclusion can be drawn regarding whether HIV coinfection significantly alters the treatment response. This issue still is important to address, as today most HIV-infected individuals are treated with highly active antiretroviral therapy and probably have a restored immune system. It is likely that this changed the response to syphilis treatment in HIV patients.
We aimed to compare the serological response to treatment between the different stages of syphilis and to examine the influence of HIV coinfection.
METHODS

Study Population
This study was approved by the ethics committee of Zurich, Switzerland. Retrospectively, we analyzed data from all patients with syphilis at the University Hospital Zurich and City Hospital Triemli who met the following criteria: (1) serological diagnosis of syphilis at the Department of Dermatology between January 1999 and December 2008, (2) start of therapy within 2 weeks after diagnosis, (3) therapy with 1 or 3 doses of benzathine penicillin G (except for patients with tertiary syphilis), and (4) first serological follow-up performed 20-375 days after therapy. Subjects who did not attend follow-up testing within this time period were excluded. We also excluded individuals who did not receive antibiotic treatment of syphilis and patients with incomplete clinical data. Disease stage was classified on the basis of clinical examination and patient history. Most classifications were done at the time when patients visited the clinic, and only a few were classified retrospectively based on the patient chart. Patients were examined to ensure absence or presence of lesions and were considered to have primary syphilis (ulcers at anogenital or oropharyngeal sites and positive serology), secondary syphilis (mucocutaneous skin lesions typical for secondary syphilis and positive serology with or without concomitant ulcers), latent syphilis (no clinical signs of syphilis and positive serology), or tertiary syphilis (combination of clinical and serological findings as well as cerebrospinal fluid analysis). In patients with previous history of syphilis, a ≥4-fold increase of VDRL titer was required to diagnose a new syphilis case. Serological results of the first visit and all follow-up serologies up to 2 years after treatment were collected for 264 patients.
Serological Tests
The VDRL test (Dade Behring, Düdingen, Germany), an immunoglobulin M (IgM) capture enzyme-linked immunosorbent assay (ELISA; Pathozyme Syphilis M Capture, Omega Diagnostic, Alva, United Kingdom), and the Treponema pallidum particle agglutination test (TPPA; Fujirebio, Tokyo, Japan) were performed on all sera. The Fluorescent Treponemal AntibodyAbsorption test (bioMérieux, Geneva, Switzerland) was performed on 254 of 264 patients. All tests were done according to manufacturers' instructions. If a first-visit serum was VDRL nonreactive, the sample was tested up to a 1:64 dilution to avoid false-negative results due to the prozone phenomenon.
Data Analysis
Therapy start date was defined as baseline. For VDRL analysis, subjects were included if they had a reactive VDRL (titer ≥1:2) at their first visit (baseline) or within 4 weeks after baseline. The endpoint was defined as a 4-fold decrease in the VDRL titer or reversion to nonreactive if the initial titer was 1:2 or 1:4. For Pathozyme-IgM analysis, individuals with a baseline index of ≥0.9 were included. A drop of the Pathozyme-IgM index <0.9 was defined as the endpoint.
Because patients had different follow-up time points, the time of endpoint attainment had to be estimated. Logarithmic curves were calculated for each patient, and the endpoint times were calculated such that y = baseline VDRL/4 or y = 0 (for VDRL) or y < 0.9 (for IgM). If the calculated logarithmic curve did not fit the observed data (P > .1), the actual time to the first follow-up when VDRL was 4-fold decreased (or nonreactive), or when IgM was <0.9, was used instead. Also, if the endpoint was reached prior to the estimated time, the true time was used. If the endpoint was not reached, the patient was defined as censored and the last follow-up was entered as time variable.
For both VDRL and Pathozyme-IgM analyses, we calculated a Cox regression to examine the overall effect on the serological response to treatment of syphilis stage (except tertiary syphilis, as there were too few patients in this group), HIV coinfection according to the CD4 cell count, and reinfection. Sex was excluded as it was not significant in the univariate analysis; therapy was excluded owing to colinearity problems as it is dependent on the syphilis stage. In a second model, we made Cox regression analyses for each syphilis stage (except tertiary syphilis, as there were too few patients in this group) to examine the effect of HIV coinfection and reinfection, within a syphilis stage. All analyses were performed using SPSS software, version 18 (IBM SPSS, Chicago, Illinois).
RESULTS
Clinical and Serological Baseline Characteristics
From January 1999 to December 2008, 456 patients were diagnosed with syphilis. A total of 192 patients were excluded (93 did not attend follow-up serological testing; 42 had incomplete data about therapy or did not receive antibiotic treatment; 20 received nonstandard therapy; 24 started therapy >2 weeks after diagnosis; and 13 had incomplete clinical data). Characteristics of the remaining 264 patients are shown in Table 1 (see also Supplementary Table 1) . Of the included patients, 92% were men, 42% were known to be HIV positive, and 13% had a history of previous syphilis (ie, they were considered reinfected). HIV coinfection was significantly associated with male sex (P = .001), hepatitis B infection (P = .031), history of previous syphilis (P = .002), higher number of follow-up visits (P < .001), and longer (P < .001) mean duration of follow-up (Table 1) . HIV coinfection was also significantly associated with clinical stage of syphilis (P = .009); patients with primary syphilis presented less frequently with HIV infection than did patients with secondary or latent syphilis. Concerning therapy, only 7 of 27 HIV patients with primary syphilis received 1 dose of benzathine penicillin G, whereas 20 received 3 doses.
VDRL, Pathozyme-IgM, and TPPA baseline characteristics are shown in Tables 2 and 3 . Initial VDRL and TPPA titers were significantly lower (P < .001) and more often negative (P < .001) in primary syphilis patients compared to those with secondary, tertiary, or latent syphilis. Thirty-eight of 90 (42%), 0 of 133 (0%), 0 of 8 (0%), and 4 of 32 (12%) patients with primary, secondary, tertiary, and latent syphilis, respectively, had a negative VDRL test at their first visit. Six of 90 (7%) patients with primary syphilis had negative TPPA and VDRL tests; the Pathozyme-IgM tests, however, were positive (median index, 1.42 [range, 1.23-3.00]). Patients with tertiary and latent syphilis showed a significantly lower (P < .001) Pathozyme-IgM baseline as compared to primary and secondary stage patients. Four of 90 (4%), 12 of 133 (9%), 3 of 8 (38%), and 7 of 33 (21%) patients with primary, secondary, tertiary, and latent syphilis, respectively, had negative Pathozyme-IgM tests on the first visit. Of the 4 patients with primary-stage symptoms and negative IgM ELISA, 3 had a history of previous syphilis. Across all stages of syphilis, 8 of 34 (24%) reinfected individuals showed a negative IgM test.
Serological Response to Treatment
For VDRL analysis, 214 subjects with an initially positive titer were included. Based on Kaplan-Meier analysis, the median c Two of these 38 patients were reinfected and 9 were HIV infected (1 of whom had a reactive VDRL test 24 days after baseline). One also had a negative Pathozyme-IgM test.
d None of these 4 patients were reinfected and 3 were HIV infected. One also had a negative Pathozyme-IgM test.
e All 6 patients had a negative VDRL and a positive Pathozyme-IgM test. Two subjects were HIV infected.
f One patient was also negative for VDRL and none for TPPA. Three of these 4 patients were reinfected.
g Two of these 12 patients were reinfected and 7 were HIV infected.
h One of these 3 patients was reinfected and 2 were HIV infected. P = .012). There was no significant influence of HIV coinfection in patients with secondary (P = .2) or latent (P = .41) syphilis. A total of 190 patients were followed for at least 1 year or until they had seroreverted for the VDRL test (ie, had a nonreactive VDRL test). Of these, 153 (81%) had seroreverted within a year, 12 (6%) had seroreverted at their first visit after 1 year, and 25 (14%) still had a positive VDRL after 1 year. Of these 25, there were significantly more reinfected patients (28% as opposed to 10%, P = .022) and later stages of syphilis (eg, latent or tertiary stage; 52% as opposed to 9%, P < .001), when compared with the 153 patients with seroreversion (as analyzed with Fisher 2-sided exact test; data not shown). None of these 25 patients had evidence for insufficient therapy. All but 3 of these patients had initially high titers (≥1:16), which decreased over time. Fourteen patients seroreverted during further follow-up, the last seroreverting 4.2 years after treatment. Compared to this, 11 patients maintained a positive VDRL at the last follow-up, 1.1-3 years after treatment.
For the Pathozyme-IgM test analysis, 233 subjects with an initial positive index were included. The median time to endpoint (ie, a drop below the cutoff index) was 130 days (95% CI, 108-153 days) for primary, 245 days (95% CI, 138-352 days) for secondary, and 202 days (95% CI, 133-271 days) for latent syphilis. One year after treatment, 13%, 38%, and 26% of patients with primary, secondary, and latent syphilis, respectively, did not reach the endpoint (Table 4 ). In the multivariate analyses, treatment response was not influenced by HIV coinfection (P = .11 for those with a CD4 count of <500 cells/µL) or reinfection (P = . (Table 5) . Also, in the second Cox regression analyses performed for each syphilis stage, HIV coinfection had no effect on response time (P value for HIV coinfection was .47, .2, and .27 in primary, secondary, and latent syphilis, respectively).
DISCUSSION
Our study provides evidence that a combination of the TPPA test and an IgM ELISA is superior to the VDRL test for diagnosis of syphilis. Furthermore, the syphilis disease stage significantly influences treatment response, whereas HIV coinfection has an impact on the response only in primary syphilis.
Clinical and Serological Characteristics at Time of Diagnosis
We found a high rate of HIV and syphilis coinfection, which is in agreement with other reports [6, 7] . This patient group presented more often with latent or secondary syphilis, and a substantial proportion were men who have sex with men, as earlier described by the Swiss HIV Cohort Study [8] .
As expected, we found significantly lower VDRL and TPPA titers in early stages of syphilis than in later stages. Interestingly, 38 of 90 patients presenting with primary syphilis symptoms had a negative VDRL test result. In 37 of these patients, the initially positive treponemal IgM declined after therapy, proving that the VDRL result was false-negative. Thus, VDRL test sensitivity was only 58% for primary syphilis, which is lower than previously reported sensitivities of between 66% and 87% [9] [10] [11] . Despite this, the VDRL test has been used for first-line screening in the United States [9] , and is recommended in textbooks [12] . However, in recent years a paradigm shift is ongoing in the United States toward using sensitive and specific enzyme immunoassays (EIAs) and chemiluminescence assays for screening [13] . In Europe, treponemal tests (EIA or TPPA), which have been shown to be more sensitive, are recommended as single screening tests [14] . In our laboratory, an IgM ELISA is performed for all suspected primary syphilis cases in addition to the TPPA, our standard screening test. The sensitivities of the TPPA and the Pathozyme-IgM ELISA in primary syphilis were 93% and 96%, respectively. Six patients with negative TPPA and VDRL yielded positive IgM ELISA results. The sensitivity when combining TPPA with the IgM test was 100%. We therefore suggest that in cases of suspected early infection, specific IgM ELISA should be used in addition to other screening tests. It is important that clinicians communicate the suspicion of an early infection to the laboratory.
Serological Response to Treatment
As most of our HIV-infected patients probably had a restored immune system, we would not expect to find a significant difference in regard to the serological response rate. Indeed, the response rate of the VDRL test was high in both HIV-positive and HIV-negative patients. In multivariate analyses, HIV coinfection did not influence overall time to serological response after treatment. However, when stratified by syphilis stage, within primary syphilis, HIV-coinfected patients with low CD4 cell count showed significantly slower treatment responses than HIV-negative patients. The majority of previous studies, including several prospective [5, 10, [15] [16] [17] and retrospective studies [18] [19] [20] [21] , concluded that serologic failure or time to serologic response of nontreponemal tests (ie, VDRL, rapid plasma reagin) was not associated with HIV infection even if analyses were stratified by syphilis stage [17, 19, 20] . Other studies, however, including one prospective trial [4] , found a significant association [4, [22] [23] [24] or a trend [25] between HIV status and response to treatment (ie, HIV-positive patients had a higher risk for serofailure or a longer time to serological response). Three of these studies also presented data that were stratified by syphilis stage and demonstrated that, compared with HIV-negative patients, HIV-positive patients had (1) a higher risk for serofailure only if they had primary or early syphilis [4, 22, 24] , and (2) a slower response in latent syphilis [22] , or, conversely, slower response in primary syphilis [4] , which is in line with our results. Overall, there seems to be a trend toward a slower response of nontreponemal tests in HIV-coinfected patients. However, data in support of making a clear distinction between HIV-positive and HIV-negative patients as recommended by the European guidelines for management of syphilis are scarce [14] .
We observed faster serological responses to treatment in earlier stages of syphilis. One year after treatment, 7% (95% CI, 0%-16%) of patients with latent syphilis still showed serological failure in the VDRL test. In multivariate analyses, latent syphilis was a significant predictor for a slower response of the VDRL titer. Previous studies also reported slower response rates in later stages of syphilis [17, 19, 22, 23, 26] . On the basis of our observations, we would propose, similar to the Centers for Disease Control and Prevention guidelines [27] , that nontreponemal test titers should decline 4-fold within 3-6 months after therapy for primary or secondary syphilis, and within 12-24 months for latent syphilis.
Of interest is our finding that 81% of patients had seroreverted within a year after treatment, that is, the VDRL test became nonreactive, which is higher than the previously reported proportion of 13%-44% [5, 15, 26] . Almost half of the remaining patients never seroreverted (ie, they had a positive VDRL test at the last follow-up). We suggest, as previously reported [5] , that patients with persistently low VDRL titers may be considered successfully treated.
The Pathozyme-IgM ELISA also proved reliable for monitoring the treatment response. However, the response rate was markedly slower than that for the VDRL test. Previous studies [28, 29] of another commercial IgM ELISA (Mercia IgM EIA) reported negative test results 12 months after treatment in 92%-100% of patients presenting with early syphilis, compared with 62%-87% in our study. A specific IgM ELISA might be especially valuable for monitoring patients with an initially negative VDRL test (mainly primary syphilis cases) and in patients with a slow decline or persisting low VDRL reactivity.
Our retrospective study has limitations: (1) A selection bias is of concern because 42% of patients were excluded owing to missing information on follow-up, treatment, or clinical data or because they did not receive standard therapy. (2) Because of the retrospective nature of the study, patients had different follow-up time points. (3) A large number of cases of the latent syphilis group involved patients with syphilis of unknown duration (ie, it is not known whether they had early or late latent syphilis). (4) It is difficult to ascertain whether a patient has experienced reinfection or relapse due to treatment failure. However, we assume that at least 77% of these patients had a reinfection as they had documented previous residual antibodies or presented with a genital ulcer. (5) We cannot ascertain that the patients did not use other antibiotics for other reasons between follow-up visits. Finally, although this is one of the largest studies in the field, the small number of events still impairs statistical power.
CONCLUSIONS
For primary syphilis, the VDRL test should not be recommended as first-line screening test because of its lack of sensitivity. In contrast, both the TPPA test and IgM ELISA were sensitive and the combined sensitivity reached 100%. HIV coinfection did not influence the overall time to serological response to treatment in the VDRL test. However, within primary syphilis, HIV patients with a CD4 count of <500 cells/μL had a slower treatment response. The clinical stage of syphilis had a significant impact on the serological response; compared with primary stage syphilis, latent stage syphilis showed a slower treatment response. Generally, the VDRL titer should decline at least 4-fold within 3-6 months after therapy for primary or secondary syphilis, and within 12-24 months after therapy for latent syphilis. Patients with persistently low VDRL titers after treatment may be considered to be successfully treated. The Pathozyme-IgM ELISA proved to be a reliable supplement for monitoring the treatment response.
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